will increase their output of conservation relevant research because most do not have appropriate resources. Furthermore, as an alternative to undertaking research, a zoo may comply with the Directive by engaging in training, information exchange or captive breeding. Most, if not all, zoos already engage in at least one of these activities and therefore may comply with the Directive by doing nothing.
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the systematic collection and analysis of biological data by scientists, or the development of new scientific techniques, as opposed to the day-to-day record keeping performed by keepers.
To date, relatively little zoo research can claim to have conferred a clear conservation benefit on threatened species, although this may be equally true of mainstream academic research on conservation. An analysis of 904 research projects conducted in British and Irish zoos found a highly skewed distribution across 15 subject categories (Semple, 2002) . Behavioural studies represented the largest category (40%), followed by studies of environmental enrichment (18%) and reproduction (8%). Fewer than 5% of projects studied the genetics, ecology or conservation of a species.
Some behavioural work may be of relevance to conservation, for example where it concerns the study of reproductive behaviour (Laurenson, 1993; Lindburg & Fitch-Snyder, 1994) . However, many feeding behaviour studies are concerned with the beneficial effects of enriching the zoo environment with some kind of feeding device (e.g. Jenny & Schmid, 2002) . The zoo community is currently preoccupied with environmental enrichment that, while often conferring some welfare benefit on zoo animals, has little to do with conservation.
Unless zoos can demonstrate a clear and substantial role in reintroduction programmes much zoo research on reproductive biology is only likely to be of importance in helping zoos to maintain their supply of replacement animals. The recent successes in producing elephants by artificial insemination (Schwammer et al., 2001 ) is beneficial to elephant breeding programmes in zoos, but elephants breed perfectly well in the wild, and the threats to wild populations are not the result of low fecundity. Unless and until zoo animals become an important source for reintroduction projects, developments in reproductive technology are irrelevant to conservation efforts, although clearly they may be of great importance for some highly threatened species, for example giant pandas Ailuropoda melanoleuca (Pérez-Garnelo et al., 2004) . Zoo bred animals are rarely used in reintroduction projects, although notable exceptions include the European bison Bison bonasus, golden lion tamarin Leontopithecus rosalia, Hawaiian goose Branta sandvicensis, Père David's deer Elaphurus davidianus and Mauritius kestrel Falco punctatus (Anon., 1993; Frankham et al., 2002) . For many species little more than a protective zoo environment was required in order to encourage reproduction, but in others (e.g. the Californian condor Gymnogyps californianus) novel rearing techniques have been developed and there can be no doubt that a conservation benefit accrued as a result.
A good deal of zoo research is unsuitable for publication in academic journals. By its very nature, such research is conducted in unnatural conditions and often with small samples of animals. Jenny & Schmid (2002) , for example, studied the effect of feeding boxes on the behaviour of just two tigers. Much of what is published appears in a small number of very specialized journals such as Zoo Biology, the Journal of Zoo and Wildlife Medicine and the International Zoo Yearbook. An analysis of 353 papers published in Zoo Biology between 1982 and 1992 found that 81.3% concerned mammals (Hardy, 1996) .
Of the 287 papers on mammals, 29.6% were studies of behaviour or behavioural ecology, a further 5.9% involved behavioural/environmental enrichment and 20.2% were studies of reproductive biology. Only 3.8% of papers were concerned with genetics or population biology, and just 2.3% involved wildlife management. The remainder were concerned with nutrition and diet (3.5%), exhibit design and evaluation (1.2%), veterinary medicine (5.6%), captive management (24%) and morphology and development (5.6%). This analysis was undertaken before the Zoos Directive came into force and covers research from a wide geographical area, not just the EU. However, it gives an indication of the historical focus of zoo research.
An examination of 349 papers published in Zoo Biology between 1996 and mid 2004 (Table 1) suggests a significant change in emphasis in the research carried out by zoos. Reproductive studies now replaced behaviour as the largest category (34%), followed by studies of nutrition, growth and development (19%) and behaviour and enrichment (17%). Studies concerned with ecology, field biology, conservation and reintroduction only accounted for 2% of the total, but there was an increase in papers on taxonomy, genetics and population biology (10%). Hardy (1996) has demonstrated that the popularity of particular research areas is not necessarily reflected in the number of published studies. In an analysis of 302 research projects carried out on mammals by zoo staff in 40 American zoos (Wiese et al., 1992) , behavioural and behavioural ecology studies made up 22.8% of studies undertaken but only 5.3% of studies published in the same period. Studies of reproductive physiology accounted for only 19.5% of studies undertaken but almost 31% of all published studies, whereas studies of natural history or fieldwork represented 23.1% of all published studies but only 16.6% of studies conducted. Field based studies are likely to be more relevant to conservation than zoo studies. However, while they had a relatively good publication record, field studies represented a small proportion of the total research conducted by zoo staff in this study. Some taxa are poorly represented in research programmes. Card et al. (1998) conducted a survey of the research activity and conservation programmes of 52 North American zoo reptile and amphibian departments. Of 164 technical papers produced between 1987 and 1997 by the 22 respondent institutions, 79% were conducted by just three institutions and only 16 field studies were reported. Only one institution received funding specifically for research. Card et al. concluded that zoo herpetology departments were not realizing their potential for formalized research and conservation projects.
Examination of more recent data from North America shows a more encouraging picture. Lankard (2001) lists and categorizes 957 publications produced in 1999-2000 by the member institutions of the American Zoo and Aquarium Association (AZA). The largest research category by far was ecology/field conservation/reintroduction (27%). However, this encompassed a wide range of publications from status reports on individual taxa and recovery plans to papers on how to record the weather. The next largest category was veterinary medicine/physiology (15%), followed by behaviour/ethology (9%). Studies of reproductive physiology/technology amounted to just 7% of the total (compared with 34% of papers in Zoo Biology between 1996 and 2004) and nutrition accounted for only 3% (Table 1) .
Some of the discrepancy between the data from the AZA and from the analysis of papers in Zoo Biology for 1996-2004 is because work that can be classified as field biology or conservation, although undertaken by zoo staff, is more likely to be published in a journal focusing on ecology or conservation than one concerned with the work of zoos. The conservation research work of zoos will inevitably be greatly underrepresented in Zoo Biology. In addition, the AZA publications list included a wide range of materials ranging from papers in peer reviewed journals to technical handbooks, studbooks and items in newsletters. A great deal of zoo research is not published in peer reviewed scientific journals and is therefore largely lost to the wider scientific community. One weakness of the Zoos Directive is that it does not require research to be published at all.
The public expects high welfare standards in zoos but does not necessarily expect an obvious conservation role. It is, therefore, perhaps inevitable that zoos will expend a great deal of effort on enrichment projects, thereby creating many opportunities for collecting research data. Much of this behavioural research is of little conservation interest, and is not published. This may be because the data were collected in order to inform management practices within a specific institution. Hardy (1996) has discussed the possible reasons for the poor publication record of zoos, including the possibility that many zoo studies may not produce adequate empirical data for publication.
It is unrealistic to expect the quantity of conservation relevant research from zoos to substantially increase as a result of the Zoos Directive, for a number of reasons. Firstly, few zoos can afford to build research facilities or employ full time researchers, and this will continue to limit the quantity and quality of zoo research. There is evidence of an increased emphasis on research in American zoos. A survey of 173 North American zoos and aquariums (Stoinski et al., 1998) showed an increase in the role of research in AZA institutions in the previous decade, and a doubling of the number of researchers per institution since 1986. However, Stoinski et al. (1998) found that the most common reasons for American zoos not conducting research were lack of funds, time and qualified personnel. This is likely to be true for most European zoos, and so much of the research work is, therefore, likely to continue to be undertaken by keepers and students. Secondly, university researchers who work in zoos are only likely to conduct work that can be published. Finding conservation relevant subjects is more difficult than finding behavioural or physiological subjects, and test and control situations are difficult to set up in a zoo environment. Thirdly, some types of research would raise welfare concerns, for example invasive physiological studies, and would require a government license. Fourthly, and most importantly, there is no incentive for zoos to comply with Article 3 by undertaking appropriate, conservation relevant research because they can legitimately ignore this requirement, provided that they take at least one alternative conservation measure. This may be training in conservation skills, or exchanging information relating to species conservation, or engaging in captive breeding (Art. 3). Most, if not all, zoos already engage in at least one of these activities and therefore may comply with the Directive by doing nothing.
The systematic scholarly use of European menageries began some 350 years ago and expanded during the Enlightenment (Baratay & Hardouin-Fugier, 2002) . Early zoo research was focused on anatomy, physiology and systematics. However, more recently a significant amount of basic research on the biology of zoo animals, which may be of considerable conservation relevance, has been performed by zoological research institutions allied to zoos, for example, the Institute of Zoology in London and the Institute for Zoo and Wildlife Research in Berlin. Veterinary studies on zoo animals have led to some developments that have had considerable conservation benefits, for example in the areas of identification and marking (Rice & Kalk, 1996) and capture, handling and anaesthesia (Bush, 1996) . However, they represent a small proportion of all zoo research and much zoo veterinary research is concerned with solving problems associated with captivity. There is some evidence of a recent shift away from behavioural studies and towards work on nutrition, reproduction and genetics (within work published by Zoo Biology). However, the relevance of this type of work to in situ conservation measures has still to be demonstrated.
European Union zoos and their staff should be a significant conservation resource, located, as they are, within some of the richest and most scientifically advanced states in the world. The Zoos Directive was an opportunity to engage the EU zoo community in conservation research. However, it seems unlikely that the Directive will have any significant effect on the relevance of most zoo research to wildlife conservation unless zoos decide for themselves that it should.
